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RE: 10/536,853 
Deal Ma. Martinez 

Please find attached my proposed declaration used for support of the notion that flash chromatography implies 
plastic and/or glass tubes to a person of ordinary skill in that art. I would like to discuss with you to confirm 
that you and Examiner Langel agree that it does just that. The response is due over the weekend, so if we 
could have a brief discussion either later today or tomorrow, that would be great. 

Sincerely, Pehr Jansson 
Reg. No. 35,759 
512 750-3046 
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DECLARATION UNDER 37 C.F.R. SECTION 1.132 

I, Domingo Sanchez, Ph. D., declare and say: 

That I am a citizen of Spain and I reside at Lilbi Madviksvagen 34, 
448 96 Tollered, Sweden. 

That I graduated in 1978 from Chalmers University of 
Technology/Gothenburg University located in Goteborg, Sweden with a 
Ph.D degree in Organic Chemistry 

That since 1984 I have been working in the field of chromatography 
for approximately 25 years, including development and marketing of 
silica-based packing materials to be used in the purification of 
pharmaceuticals by High Performance Liquid Chromatography, HPLC. 

I am the author of approximately 50 peer-reviewed scientific papers 
and hold 5 patents, in the fields of Organic Chemistry and 
Chromatography. 

I have been employed by Akzo Nobel from 1984. My work at Akzo 
Nobel has been in the field of chromatography. 

I am very knowledgeable in regard to the fields of Flash 
Chromatography, High Performance Liquid Chromatography (HPLC), and 
Solid Phase Extraction (SPE). 
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That I am familiar with the above-identified patent application 
Serial Number 10/536,853 and with the references cited by the Examiner 
in the Office Action of December 17, 2010. 

That the following accurately describes certain aspects of the field of 
Flash Chromatography: 

• That Flash Chromatography operates at very low driving 
pressures - up to a typical maximum pressure of 10 bars - in 
contrast to, HPLC columns which operate at very high 
pressures - up to and sometimes exceeding 400 bars. 

• That Flash Chromatography is typically performed using 
columns constructed from plastic or glass tubes or syringes 
not designed for high pressures. 

• Early Flash Chromatography columns were made of glass, for 
example, such as those described in W. Clark Still, Michael 
Kahn and Abhijit Mitra, "Rapid Chromatographic Technique 
for Preparative Separations with Moderate Resolution", J. 
Org. Chem. Vol. 43, No 14, 1978 (Exhibit A). 

• Modern Flash Chromatography columns are typically made 
of plastic. That is described, for example, in Horowitz, Gail, 
"Undergraduate Separations Utilizing Flash 
Chromatography" Journal of Chemical Education, Vol. 77, 
No. 2, February 2000, p. 263 (Exhibit B), and in "What is 
Flash Chromatography?", Labhut.com, 

http://www.labhut.com/education/flash/index.php , accessed 
on April 13, 2010 (Exhibit C). 

• Other examples of plastic flash chromatography columns may 
be found in Varian Inc. SI™ Replacement Cartridges, 

http. :// w w w. varianinc . com/c gi- 

bin/nav?products/consum/flash/£Lashdisc/si&cid=LLIIJMNPF 
K , accessed on April 13, 2010 (Exhibit D) and Thomsom 
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Instrument Company, E. Merck Silica Syringe Barrel 
Columns, 

http://www.htslabs.com/catalog/index.php?d=fla8h/8yringebar 
rel/emerck, accessed on April 13, 2010 (Exhibit E). 
That the Varian and Thomson columns illustrated in 
Exhibits D and E, respectively, are constructed from plastic. 
That the term Flash Chromatography column conveys to a 
person skilled in the art of chromatography a device 
constructed using a plastic or glass tube. 



That the following accurately describes the differences between SPE 
and Flash Chromatography: 

• SPE is a method where substances dissolved in a solvent are 
adsorbed to a powder material, namely irregular silica 
particles of large, ~40-60um, particle size packed in open 
cartridges. 

• That the Supelco reference (Supelco, Bulletin 910, Guide to 
Solid Phase Extraction cited in the Office Action) discloses 
only one material that is raw silica, namely, LC-Si (Supelco, 
Page 2). 

• That I have visited and studied, on or before April 13, 2010, 
the relevant pages of the online catalog presented on the web 
site of Sigma-Aldrich (Supelco is a subsidiary of Sigma- 
Aldrich) to review the specifications for the LC-Si material. 

• That the following web site is an online catalog for the Sigma- 
Aldrich's LC-Si material for SPE: 

http ://www. si gmaaldrich.com/analyticnl- 

chromatogi-aphv/analvtical- 

products.html?TablePage=9642791 
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Application #10/536,853 

• That each of the products listed on that webpage is an 

irregular shaped silica material or a product using irregular 
shaped silica. 

That the undersigned declares further that all statements made 
herein of his own knowledge are true and that all statements made on 
information and belief are believed to be true; and further that these 
statements were made with the knowledge that willful false statements 
and the like so made punishable by fine or imprisonment, or both, under 
Section 1001 of Title 18 of the United States Code and that such willful 
false statements may jeopardize the validity of the application or any 
patents issuing thereon; 

Further declarant saith not. 

Date: 

Domingo Sanchez, Ph. D. 
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Exhibit A 



(11) Potassium ferricyanide has previously been used to convert y/c-1,2-di- 
oarboxylate groups to double bonds. See. tor ex&mole. L F. Fieser ana 
M. J. Haddadin, J. Am. Chem. Sec, 66, 2392 (19$4). The oxidative aide- 
carboxylation of 1 2-dicsrc:»yic acids is of course, a well-known process, 
See Inter alia (a) C. A. Grab, M. Qhta, and A, Weiss, He>v- Chim. Acts, 41, 
1911 (1958k and (b'.r V Cain, P vwtw 3rd 3 Masamune. JL Cham Sot 
£>, 98(1969). 



Rapid Chromatographic Technique for Preparative 
Separations with Moderate Resolution 

W. Clark Still.* Michael Kahn, and Abhijit Mitra 

nJc York, New York 10027 > ' 

Received .January 26, 1978 

We wish to describe a simple absorption chromatography 
technique 'or the .routine prlnii i of organic compounds. 
Large ri p:4! tti - ~ x ir r. i s fra tionaliy i rrieri 

out by tedious ion;? column chromatography. Although the 
result* are sometimes satisfactory, the technique is always 
time consuming and frequently gives poor recovery due to 
band tin T n u 1 it ire pr \\ m v i i , n 
pies of greater than 1 or 2 g must be separated. In recent years 
several preparative systems have evolved which reduce sep- 
aratism times lo *, :.i a and allow the resnauion of components 
having ±R f > 0.0S on analytical TLC. Of these, medium 
pressure chromatography 1 and short column chromatogra- 
phy 2 have been the mi - uccessfulin I ibo itor> We have 
recently developed a substan all te I miq or the 
routine purification of reaction products which we call flash 
i its resolution is only moderate 
(;lfi/ > 0.16), the system is extremely inexpensive to set up 
and operate and allows separations of samples weighing 
0.01-10,0 g a in 10-15 min." 

Flash chromatography is basically an air pressure driven 
hybrid of medium pressure and «hn t ... ,i i hrornatographv 
which has been opt inii rticu!a t sepai n 

i lirni n',. i , dn, h n carried ou inderasetoi ndard 
conditions 8 using samp:*, of ben/.yl alcohol on a 20 mm x 6 
in, column of silica g< I >andm ni .-ruthi u umn output 
with a Tracor 970 ultraviolet deted r Re tion is measured 
in terms of the ratio of retell tier I hue ;rl to peak width u.< ,i;:/'2) 
(Figure 1 p and t e results is e 1 agra nmed in Figures 2-4 for 
variations in silica gel particle sue, eluant flow rate, and 
sample size. 

A number,,, i i, i ( n t t- emerge from these data, First, 
we find that one of the most popular grades of silica gel 60, 
70-230 mesh (63-200 Km), gives the poorest resolution of any 
gel studied under our standard conditions. Second, particle 
shres less than 40 /. at offer r.u improvement ir. resolution with 
our method of packing. 7 Column performa-.ce is quite sensi- 
ivei the rate f eh i o ami is he i eiati high eluant 
flow rates. The solvent head above the adsorbent bed should 
drop 2.0 ± 0.1 m r nt p tmun i 1 n nni> uo 
of ethyl, acetate/petroleum ether (30-60 °C). S Finally, the peak 
width shows the expected increase with the sample size. 
Sample recovery was >95%. 




TIME 



•hiii J i I i i 



■J. Org. Chem-, Vol. 43, Am. 14. 1978 2 923 




<4o w- 40- es- 

40 CS 200 



Figure 2. Silica gel particle size 6 0«n): (• > r/w: (Ot r.Hw/2). 




Figure 3. Eluant flow rate (in./min). 




O 106 850 MO 400 
Figure i. Samplp s-f i mn.). 




Figure a. 



The apparatus required for this technique consists of a set 
of chromatography columns and a flow controller valve 
(below). The column is a flattened bottom 18 in. glass -ube 
fitted with a Teflon stopcock and topped with a 24/40 glass 
l ■ .ill r ec glass bed supports are generally 
preferred since they have significantly less dead volume than 
the standard fritted round-bottom variety. The flow controller 



2 2i k M3-2923S01.0C/0 £" 19TS American Chemical Society 
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valve is a simple variable bleed device for precise regulation 
of the eiution rate and is constructed from a glass/Teflon 
needle- valve 'Ace Glass Co. No. 8X93 04 or equivalent! and 
a standard 24/40 joint. 

A detailed procedure is presented in the experimental 
section and is summarized as follows: (1) A solvent is chosen 
. a ' ,ives good separation and moves the desired component 
to R { = 0.35 on analytical TLC (E. Merck No. 576S). 9 (2) A 
column of the appropriate diameter (see Table I) is selected 
and filled with 5-6 in. of dry 40-63 urn silica gel (E. Merck No. 
9385). 10 {3) The column is filled with solvent and pressure is 
used to rapidly push ail the air from the silica gel. (4) The 
sample is applied and the column is refilled with solvent and 
eluted at a flow rate of 2 in./min. 

The time required to elute the desired components from the 
column is generally so fast (5-10 min) that we have abandoned 
automatic fraction collectors in favor of a simple rack holding 
forty '20 X 150 mm test tubes. Small fractions are typically 
collected early in the eiution with larger ones being collected 
toward the end of the chromatography. Separated compo- 
nents are conveniently detected by spotting ~5 >iL of each 
fraction along the long side of 7 cm X 2.5 cm TLC plate and 
then by developing the plate sideways. Heavier spotting may 
1 required fro mal samples r hig ly retentive components. 
A typical separation is shown in Figure 6. 

Over the past year we have tun many hundreds of these 
columns. In every case we have been able to effect clean sep- 
aration of compounds having Aif/ > 0.15 in less than 15 min 
and in many cases separations at Afl/ at 0.10 were possible. 
The amount of sample used on a given column is proportional 
to its cross-sectional area and Table I can serve as a guide to 
column selection. 

The sample size may increase substantially ii if- resell it i 
is required; we have used a 50-mm column for the purification 
of up to 10 g of compound having impurities at Aft/ £ 0.4. 
Resolution is maintained even with large diameter columns, 
For example the epimeric alcohols 1 and 2 have an ft/ of 0,34 



I 1 I i i etaU I iroi 

A 1.0-jf mixture >f 1 a d 2 OAR • 0.09 easily separated with 
only a t>5-mg mixed fraction in 7 min on a 40- mm diameter 
column coOO ral.t>f?% KtO Ac 'petroleum ether ). 

If the components to be separated are closer on TLC than 
IRf 0 15, inci ed rt teuton r ia> be - hieved by using a 
longer (eg., 10 in.) column of gel alternatively a less polar 
solve nt can be used. Such a solvent can be selected to move 
the desired components on TLC to R f = 0.25 without ;n- 
< ing the elur.ii mes J * ly. In 1 I > 

n u i nlyl htly loaded with sample and a rapid 
flow rate of 2 in./min should be maintained. Slower flows 
clearly give poorer resolution with ethyl acetate/petroleum 
ether n ' 



column 
diameter. 


6 mL ' 


sam 
typical lo£ 
\R ; 0.2 


pie: 

ding (mg) 
iff/ > 0.1 


typical 
fraction 

mL 


10 


100 


100 


40 




20 


200 


400 


160 


10 


30 




900 


iw 


20 


40 


eon 


1(100 


600 


30 


50 


1000 


2,">00 


1000 


50 



= Typical volume of eluant required for packing and eiution. 



In conclusion, flash chromatography provides a rapid and 
inexpensive general method for the preparative separation 
of mixtures requiring only moderate resolution. Even in cases 
where high resolution is required, preliminary purification by 
the flash technique allows simplified high-resolution sepa- 
rat ions without contamination of expensive HPLC columns. 
Finally, we would like to stress the facts that use of the 40-63 
nm silica gel and a pressure- (and not vacuum-) driven flow 
rate of 2.0 in./min are crucial for successful separations by this 
method. 

Experimental Section 

| 1 ni in-ipr i L rn- Bid l ir a i ntrolle ilve were as- 
sembled as detcr.bed in the text. The silica gel used was 40-63 Mm 
4 I- I i 1 i i ill 1 1 Mer k \ t s , u |v. rr were 
li-.li! i d pr i r ' -t 1 m 1 <-i ir n r , 11 J were run on 
glass supported silica gel 60 plates (0.25-mm layer, F-254) (E. Merck 
No. 5765). 

Flash Chromatography. Generri f i c dun I i i low -v 

»ity solvent trm te.g 1 I ieetate/30-60 B C petroleum ether) 8 
iii [ re and move the desired compo- 

nent on analytical TLC to an R t ni u if ! ,e\ « il , • mpounds ate to 
he separated which run very close on TLC, adjust the solvent to put 
the midpoint between -lie components at ft/ » 0.35. If the compounds 
i e h i I , hi il; of the le>s mobile component to 
li i 1 i 1 p prnte diameter 

wee text, Table I) is selected ana s. small plug of glass wool is placed 
in the tube connect ire:: - he *1ti;Hf>rk to tee cohirr:n bony I A ir, the di- 
agram abow T u 1 P l i„ i t il > n n 

i r 1 | I r-u f i ro' the „ , nl rlnsr i M 4 : > smooth > , 
in. layer of on m msr, sm:l is lile i > ' lotton if 
toknnr are: dry IU-'it urn shioa gel is poured into the column in a 
-ingle portion u give a depth o: 5.5— H ;n With the stopcock opto, the 

nl mo i- ; m 1 u !i\ ■ h e u h < t pack the gel. 

Next a g in. liver ot -and i= rsrebsilv placed on trie -'ly top of the dry 
gel bed nod the fount .« clumped tor p.-cssure packing and eiution. 
Tin- -ol .il a i i i ii i i i- tl i , u, r 1 h. o,cr thi sand to 

fj! i nple f - - 1 1 t ' <■ tr 1 t 

i ] o I II 1 in hrllu irll r. i r it f 

i toe i leu iio d - - r In i 1 0 I ' in mi nr 

a f n ding 1 1- 1 ■ i I I r i [ii i si i i 
is placed fairly tightly over the bleed port (Ci. Thi* will cause the 
pressure dni> i rbc th 1 hi ipidl i pr s 

hi | I I r K O i- pld , r hJ I ii .tl tk nihil i it is im 

portent i.) maintain the pressure until a\' the air is expelled and the 
me p r. ,,l I I* - tolur n e i . 'h r \ - tl i < ilniuii r I lr;,_r t 

hi I i til 

1 ar-u i I core i in ir tl ir f< ,1 i i u r i u n The pressure 

III L 1 II 

I he fld?i.r'rwnt bed by parthilly blocking the bleed purl (C). The top 
it In- 1 i i- I I ' i 1 t i i J it I - ii* is 

applied by pipe"! i- i - ' i'oi n i r- , , Hi m ' n. top o| 1 1n 
, u ii, id the tio'.v c, .r I 1 II } t 1 i 

ltit hi tei 1 m, I" 1 t I i J 

, n - ■ - 1 n r <- <>e i n i- 1 - tl - I i n I i- > i 1 

' li I in l r i h ii I lers 1 .re i el i t t 

the washings are pushi < In i b gel as before, and tl i mi 
i fu! lied itheiuants snot disturb the adsorbei ed r t 
t't»i 1 1 it ri ls-is'i _1 s^- rodtithi i . ■ It -ten o , h e- 

the -i trace of rh 1 t in th rum il 2 ni-i. 1 c-em 

irl t i v 1 ' 

, , hi i r r , i s H 
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Notes 



I [ i > b ' <o estimate 

iii i) f snh t and fraction fi i t si u r tt lurni 

run ir mce further eiutton je r siarv Purified 

ji i i I i I.C. it the 

i eeoirig ii tru ion are! >il< vedt i. a r*- 1 ttieoppor tin p 
for the separation to fail. 

*i i(?b *t si j 1 I'.in e ii f - i 

i \ H , , n I I I I 1 i . 11 <l L I ,- < I • • 

' i r imi ro]ui i lm:ii i ijr is effected b rsti'h ih 

(rate = 2 in./i:iii:i the column with approximately f, in. of the more 
p ( it . urnpi t etil i i he el' ml isjenerally ell celale or acet ne 
and then with in. ( h desired eluant If th lant is re I i\ i 
nonpolar (e.g., <10% E*< 1 , *i efi it may be more ad- 
visable to use a flushing solvent (e.g., 20-50% EtOAc/petroteum ether) 
which is somewhat less polar than the pure high polarity coropo- 



Registry No.— 1, t>t:4l7-;!X.,5; 2. mil 27-4 
References and Notes 

1 • i Such units have been described and used extensively by J. M. MeCall, R. 

E. TenBrlnkt, and C. H. Lin at the Upjohn Company and A. I. Meyers at 

Colorado State Universe 
(2) B. J. Hunt and W. R oby, Chem. but. {London). 18S8 (1967). 
(3| Ths is lot a ;imit«t:on fe-.it s merely the scale range whloh we have 

(4) This is the total time required tor column packing, sample appfication, and 
complete elution. 

(5) Standard conditions: 5 in. high bed of 40-63 jim silica gel 60 in a 20 mm 
diameter column packed as described in text, 2.0 in. of solvent flow/min, 
aOOmgof^si -i gt"yi acetate 'petroleum ether eluant. 

(6! Th»se gels are Tanioaetu-qd av t. Merck and are »« fol -owing traces: 

<4o«mwltefi! i ?se - r i - 3 rep Siec no 3"9r. 

40-63 ^rr tsilica el 60 Nc S3S > 10 i IS ca gel 60. No. 

10180). 

>ljr ri * 1 ' is'i ii - < ' ■ - ' c 11 - K!r ~ i 
identical results, with the 40-63 urn gel. Sirce the last techr-ic-.r* ass the 
sir-ictest. ii was amp ovca t a , Dar stuffe: 
(8) this is a particularly good general solvent system. For extremely polar 
compounds acetone/petroleum ether or i»' i Kh/eoe 1 ' i r 
mixtures are often useful. Significantly higher viscosity solvents will recuire 
slower optimum resolution flow rates. 

h .i ha ' f thepcla.- cerr-porent ia'it 

31 eluan I 1 h e et 

gives a compound an R, of 0.35 on TLC. the column is run with 0 5 % ethyl 

0 40-63 um gel is also used for medium pressure chromatography' and is 
available from MCB In 1 kg ($45/kg) or 25 kg ($16/kg) lots. 

sa it I I a j I Of the more 

polar component is added to give complete diss Jl 1i i Lai r ja-n It , 
of rery polar impurities are best removed prior to ' irate fat r> sa last 
excessive quantities of solvent or large increases in solvent polahty will 
be unnecessary for sample application. 



Homo-C-nucJeosides. The Synthesis of Certain 
6-Substituted 4-Pyrimidinones 1 

John A. Secrist III 

DeparlmvM u, Critm.'fi r\. The Oh'.u Sin 'e University. 
Columbus, Ohio 43210 

Received February I, 1978 



The chemistry of C-nutie-osides has received considerable 
attention recently due to the biological ictivith tura 
occurring compounds -u« h • kirn; n forniycin, and 

r myi 7 t synthetic method i \ 
for the preparation of a number of C-nucleoside analogues. 2 
only one investigation has dealt with the synthesis of horno- 
C -nucleosides,' 1 compounds with a methylene unit between 
a carbon of the nitrogen base and the standard D-ribose 
moiety. This note describes the facile synthesis of a series, of 
6 subs luted i pyi mi Uu tit homo I'-wi ■ 'sides tt , ht 
ester I, whk j s iva tbi< U threi lop* from D-ribose, 4 ' 6 

Treatment of 1 with iithio-teri-buty] acetate 6 in toluene 
at 0 °C for several hours affords an anomerie mixture (ca. 3:1, 
31 a) of the (3-keto ester 2 in 75% yield, The assignment of 0 to 
the major >o e <- lad i he b is t Wln r n I 
particular, the isopropylidene meth - thi najor anomer 

0022-3263/78/1 943-2925S01. 00/0 
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c, R = SH 

d, R = phenyl 

e, R = H 



occur at S 25.66 and 27.54, within the range strongly indicative 
of a (3 configuration (25.5 ± 0.2 and 27,5 ± 0.2). 7 ' 8 

It has been shown that the «-anomer of I is more stable than 
the 3, 4 and recently a rationalization for this seemingly un- 
usual behavior has been presented. 9 On this basis it seems 
likely that the a anomer of 2 is aiso more stable than the & The 
conditions involved in the preparation of 2 (low-temperature, 
aprotic solvent) probably do not allow equilibration, though 
there. Is some leakage the i nomet Tun Hi pp to 
these p t ttes i pros decs jy the finding that >2t l 5isom- 
erized readily under basic conditions to an a/Q mixture which 
is predominantly a. 

Condensation of 2 with guanidine, acetamidine, thiourea, 
and benzamidine under basic conditions afforded the pro- 
tected nucleosides 3a-d as anomerie mixtures (ca, 3:1, a/6) 
which were chromatographically inseparable. That the major 
anomers after condensation are ail a is also indicated by the 
chemical shifts of the isypropylidene methyls. For example, 
the shifts of the methyls in 3a are it -I't 1 ' md 26.33, clearly 
in the « range (24.9 ± 0.3 and 26.3 ± 0.2). 7 8 In view of the 
ready isomeric ion of if- 2 to a mixture of anomers containing 
predominantly a-2, it seems iikeiy that equilibration is oc- 
curring prior to cyciization, and that the anomerie composition 
of 2 after equilibration dictates the ratio of o- and p-homo- 
C-nucleosides. Desulfurization of 3c with Raney Nickel in 
refluxing 95% ethanol provided the hydrogen-substituted 

npound 3e. Interes-.in 1 tnd id 

reacted with 2, neither led to the formation ofcyclized mate- 
rial under a variety of conditions. The free nucleosides 4a-e 
were obtained by treatment of 3a-e with either methanolic 
Irogt hiorrdi tri'li n ' > \ f veral 

hours. These acidic conditions, even ove» longer periods of 
time (2 days), caused no change in the a/3 ratio of the nucle- 
osides. Chrornato^t ! ' -et u tior of the free nucleoside 
anomers was on i a iiram iv.t possib to- i] ivatlable b\ 
desulfurization of 4c. 

The 13 C NMR sp t 1 e fret ucl ies contained 
o on i r i for the five i upounds, and all values 
are reported in the Experimental Section. Salient J H NMR 

t!i are thi tetbyl singli lb a 2,2>i i ne pyrin 1 
CgH ringlet of 4eat« 8.92, as well as the pyrimidine C s s ignal 
of all five mn le j d in tl ij- rhood ' 

© 1978 American Chemical Society 
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Undergraduate Separations Utilizing 
Flash Chromatography 

Gail Horowitz 

Department of Chemistry, Yeshiva University, New York, NY 10033; gshorcw>i@ymaiKyu.edt} 

For a number ©f years, I have watched my organic 
chemistry laboratory students carry out gravity-based chro- 
matographic separations and shared in their frustration as 
they watched (heir columns drip at a snail's pace. A simple 
separation of food dyes would often take one and a half to 
two hours to be completed. And while I felt it necessary that 
my students be familiar with this important technique, I 
found myself avoiding syntheses or procedures that required 
the use of column chromatography, both because I did not 
want to further tax the patience of my students and because 
of time constraints. 1 knew that flash chromatography 
apparatus was beyond the budget of my university and also 
wotried about the safety of having undergraduates apply 
pressure to glass columns. 

A few years ago, I happily discovered S. Todd Deal's ar- 
ticle (2) discussing how to cheaply and easily implement the 
use of flash chromatography (1) in the undergraduate labo- 
ratory. I subsequently discovered simitar articles (5-5) that 
had been published in this Journal. But having discovered 
an easy-to-use apparatus, it then became necessary to modify 
gravity-based chromatography experiments in order to carry 
them out using flash chromatography. Unfortunately, I did 
not find published experiments or article; giving procedures 
for undergraduate-level experiments involving flash chroma- 
tography. Having had to devise some such experiments on 
my own, I thought it would be helpful to other journal teadcts 
to lhare my procedures with (hem. 

Overview of Experiments 

Two of the separations listed below involve natural 
products (spearmint and caraway, and spinach) and a third 
(benzii) is the starting step in the muitistep syntheses of hexa- 
phenyibenzene and dimethyl tetraphenylphthaktc fjp, 10). 
The carvone isolation exposes students to the subject of 
stereochemistry and how it relates to odor, and to the tech- 
nique of polarimerry. The isolation of the components of 
spinach exposes students to the topics of chemistry of vision, 
photosynthesis, and UV-vis spectroscopy. The separation of 
p-carctene from tetraphcnylcyeiopemadienone (both colored 
components) vividly illustrates band separation to a beginning 
student witnessing column chromatography for the first time. 



LU 



Rubber TtibSn§ 

. i Figure I . flosh chromatography 

" opporolus. 




In the procedures listed below, flash-gtade silica gel 1 of 
mesh size 200-425 was used. The apparatus consisted of a 
polypropylene T connector, 2 one #6-siied one-hole rubber 
stopper, and a polypropylene 12 X 1.5-em column (sec Fig, 
!)• (Use of polypropylene instead of glass is advantageous, 
in terms of both cost and safety.) Rubber tubing was used to 
connect the T connector to pressumed air and the air pressure 
was controlled by use of one's thumb. A flow rate of about 
20 mL/min (2 tn.ftnin) was maintained. 

Isolation of Carotenes, Chlorophylls and Xanthophyfis 
from Spinach Extract 

Two and a half grams of fresh spinach leaves were torn 
into small pieces and then stirred and crushed with a pestle 
in a mortar containing 10 mL of 95% ethanol. The ethanol 
was removed by vacuum filtration and the dehydrated spinach 
was added to 20 mL of hexane. The hexane solution was 
stirred and agitated for a few minutes and then the hexane 
was decanted from the spinach and concentrated to a volume 
of about 1 mL. The spinach extract was applied to a chro- 
matography column packed with hexane and 5.5 g of silica 
gel. Three colored bands were elutcd, corresponding to the 
carotenes (yellow), chlorophylls (bright green) and xanthoph/Sls 
(yellow) {11). The solvents used wetc 90:10 hcxanc-EtOAc 
(ca. 30 mL), 70:30 hcxanc-EtOAc (ca. 50 mL), and 100% 
EtOAc (ca. 20 mL). The quality of separations varied depend- 
ing on the care taken in column packing and sample loading. 
In some cases, it was possible to isolate an additional band 
(greenish gray) corresponding to the pheophytins, which 
eluted immediately after the carotenes. The colored bands 
collected were analyzed spect roscopically to determine yields. 
Yields on the order of 10-1 00 fig were obtained. 

Separation of p-Carotene from Tetrophenylcyclo- 
pentadienone 

Students were given a prepared mixture of P-carorene 
and tetraphenylcyclopentadienone dissolved in hexane. 4 Each 
student added 1 mLof this solution to a column packed with 
hexane and 7 g of silica gel. The p-earorene was eluted with 
approximately 50 mL of hexane. The solvent was then 
switched to 95:5 hexane— EtOAc and the tetraphctiylcycio- 
pentadtenone fraction (about 15 mL) was collected. 

Isolation of (+) and {-} Carvone from Caraway 
and Spearmint OH {72} 

Half a gram of caraway or spearmint oil 5 was dissolved 
in 1 mLof hexane and loaded onto a chromatography column 
packed with hexane and C.5 g of silica gel. The column was 
eluted with hexane (approximately 30 mL) until limoncne 
had ceased to elute (determined by TLC) and then carvone 
was eluted using ethyl acetate (approximately 25 nsL), Students 
collected fractions m 13 X 100-mm test tubes. Optical purity 
of carvone product was determined by polarimetry. 
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Pwifkalton ©f Strati frsm Benzoin 

Starring with 5.4 mra.oI of benzoin, crude bcnzii was 
t yft J cits!) fd(ra+;!ion( , 0).Tb=5.rudeproju;< 
t ib!e in he i nn \\ i t id d tc d e column 

as fot'.uws. The product was mixed -with 1 g of fiaslh^grad* 
I'm, i l,n . it ' til ti l i hi tency w*f 

s iu d. The beaker containing the hexanc slurry was 
ta l.vthd | lr of th hi ^ and the slurry ' ! r t u 
until die mixture had become homogeneous in color arscj the 
(iHtut 1 i< i f a 1 " i i i' ire was sh^n 

poured o to Ik column j>ad d with I tane md 

7 g of silica gel. Bcniil was elutcd using approximately 75 
ml of 5% ethyl acetate in hexane. 

^Supplemental Moferieii 

this article k available in this 



issue of JCE Online. 
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4 0.049 g ef #-«fOW«e and 0,040 g of wrsphenykyefa- 
pentadknone were dissolved "m t§0 mL sf h«ane, 
5. LeraiiR Oils, ML ««. mum, #§390., 
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A Problem-Solving Approach to Chromatography HI 
in the Biochemistry lab 

Frank R. Gorget 

Otportmen! of Gfwmicat Sciences, Bridgewoler Stole College, Brtdgewcrter, MA 02325; feai«e*i>rAfeMKKiV 



Many biociii .fi n, I n »ul im . -p acnts 

involving the pit 

phosphatase (/.J) and lactic dehydrogena se< 

"targets". Moit of these experiments rely mainly on precipt- 

rat tu dque o fC 1 pw >'i am ai lii 'ih . at most, 

i ' i > t pui »f tatson of 

proteins in the "real world" usually isiwtves a number of 
ch i ' 'i' tep » urtber of cltroin r i 

media (In addition to many other atehftiftiet). Thus, the 
fph,i\ ipo ' i " i sud< «i d ' at 

multiple-linked chromatographic «i lion. These 

rii i end to be "eookbool tercists it whi ! i 

the itudertt follows a detaUed pi ' 1 is not have to 
directly addtess the "big picture". 

The purification of enaytaes Is also a poor choice for 
introducing *tude»ts to the correlation between the physical 
piop ;ies of molecules and their chromatographic In 1 1 1 ii 
!,.irs i > i , ,ir i.nu i i' i . ■ f i 'i " > ' i ' 1 
which arr: i ib!y < 1 > cuts i.re unable t. 

'n' cptuiioi intealtimt;.iid;i«c!iHi.t.liro..>i Uu 
the chromatographic behavior of a particular protein wkh 
< . p opertks. At least one attempt to deal with these issues 

i i r t i it • > 4 ti s i . ; • 

However, th i ' ureparadon of labeled 



t i mL ,innij|7sfp Ihikh , i l'U <trr niij»ht 

Metetn, I describe an experiment in which students ttivat 
t vi . i-d cany out a separation protocol fot a five-compo- 
tcrst mixtu in ' t 1 i f 1 tr 1 ' 1 
steps. The components to be separated are well dcined, 
mrnf 11 i''i ih!y< 1 r <i u. ds Thus, Stu- 
dents arc able to watch the separation of me compounds and 
to correlate their movement on various chtomatographie 
media. 

Students are gty i colored inotecules and 

i ( I (111 .» " 1 > i i loin i il ln'l£l 1 < i I ill 

anion exchange medium, m4 a size exclusion medium) . A: 

} i pr 1 V i £ ii i'h bf mpt h m 
chromatography, students are chattenged to devise (and carry 
out) i > r < 1 I 1 1 rtfth ' oiorcd i 

cosies whose properties they are giyen {see Table I }, 

Students are told to proceed in two stages ovtsr two 3-hour 
Jab periods. For the first stage, each student is given 5 mL 

a plr-, of two t i mi tun cat! i tains 
componen ' f ) *i"hey are instructed to run * portion 
of each sxinplconcach of (h«chioma!ograpllic matrices pro- 
«<i«l, to ' . fuedons, and to matte careful observations 
of the separations. 
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> Flash Chromatography 
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Flash Chromatography 
Headspace GC 
Using Syringe Filters 

Education Home 



What is Flash Chromatography? 

Simple Definition: Flash Chromatography is a rapid form of preparative column chromatography 
based on optimised pre-packed columns through which is pumped solvent at a high flow rate. It is a 
simple and economical approach to Preparative LC. 

The technique was published in the Journal of Organic Chemistry in 1978 as an alternative to simple 
column chromatography. Vie* abstract . 

For purifying organic compounds, flash chromatography is a quick and inexpensive technique. Initially 
developed in 1978 by W.C. Stills of Columbia University, flash chromatography is now a popular 
method of purification and separation using normal phases. Increasingly, the use of reverse phase 
packing materials is opening up the technique to a wider range of preparative separations. 

Flash chromatography utilises a plastic column filled with some form of solid support, usually silica gel, with the sample to be 
separated placed on top of this support. The rest of the column is filled with an isocratic or gradient solvent which, with the help 
of pressure, enables the sample to run through the column and become separated. Flash chromatography used air pressure 
initially, but today pumps are used to speed up the separation. This technique is considered a low to medium-pressure technique 
and may be scaled up for separations from a few mg to many tens or hundreds of grammes. 

Applications are many and varied from drug discovery, sample clean-up, natural product purification and many more. 

There is a direct relationship for normal phase flash chromatography with TLC and often the techniques are used together prior 
to and post flash separations. 

The following pages are designed to offer an Introduction to Flash Chromatography. 

» An Introduction to Flash ihr r »>> J' V h < 



Jump to section -- i 
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Flash Purification 

S'f 

We manufacture a complete line of replacement sample loading cartridges 
for legacy Analogix, Biotage, and Isco sample injection devices. Whether you 
pre-absorb your compound on loose silica or prefer to apply your compound 
to a preloaded cartridge, we provide SI consumables in many configurations 
to meet your needs. 

■ We manufacture SI replacement cartridges for: 

o Varian's Analogix 35 mL SI Module 
o Biotage 35 mL Module 
o Isco 25 g Large Device 
o Isco 5 g Small Device 

■ Superior packing delivers excellent performance and consistency with 
less channeling and sharp-peaked separations. 

■ SI cartridges are available in three bed diameters and two sorbents 
(Si 50 & Si 35) to meet your needs. 

■ Wide range of bed masses (5 - 25 g). 



lipsiillfi 










ll'f ; % 















The Complete Solution 

■ Development Scale Flash 
Consumables 

■ Parts & Accessories 

■ Discovery Scale System 

Support & Resources 

■ Product Support 



© 2003 Varian, Inc. All right reserved. 
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° Flash Ch romatography 

■ SINGLE SiEFCoUmm 

■ SINGLE Si F,P Standard Silica 

■ SINGLE StEP E. Merck Silica 

■ SINGLE StEP CI 8 

- SINGLE StEP Amine 

■ SINGLE StEP Cyano 

■ SINGLE StEP Diol 

■ SINGLE StEP Phenyl 

■ SINGLE StEP Empty Columns 

■ Syringe B arrel Columns 

■ Standard Silica 

■ E. Merck Silica 

■ Empty S)iin^c,Co lumiis 

■ Bulk Sorbent 

■ TLC Plates 

■ Head Space Frits 

o Filtration 

■ Filter Vials 
° Cell Culture 

■ Ultra Yield Flasks 

■ Purification 

■ Empty Syringe Columns 

■ Size Exclusion Columns 
o Glassware 

■ Iggt Tubes 

■ Med Chem Vials 

■ HPIilVmls 

■ Glass^&Pla^cJnsej^ 

■ Head Space Vials 
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h Chromatography - Silica Syringe Barrel Colur 



Microwave Vials 



Weil Hates 



Picrcable Caps 
Storag e Caps 
Teflon Cap Mats 



MetaLEflcki 
■' Blocks 



96 Weil Storage Plates 
CagJIiats 



48 Well Plates 

; . i! Plates 

96 Well Bla ck Plates 
96 Well White Plates 

334 Well Black Hates 

mmMJWhileJ^ates 

Qamgs 

Tube Racks 

96 Well 4QQ|iL Filter Plates 
96 Well 800^LFjkexPlates 
96 Weil 2mL Filter Plates 
Glass Vial Well Plates 
FluoroCarbon Plates 
Specialty Plates & Reservoirs 
iimentaiion 



'''» V » H L\ jpuratio n 
Vial Evaporation 

STNGL.E StEP Gradient Pump 
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Flash Chromatography - Silica Syringe Barrel Columns 4/13/10 6:07 PM 

Thomson Syringe Barrel Columns are packed with silica and used as open columns on old style machinery, 
such as the Flashmaster® systems. They do require a plunger to seal. Thomson Syringe Barrel Columns 
range from 5g-70g. 




• Thomson Flash Column 5g, 25mL E. Merck Silica. 

• High performance universal fit column for Flashmaster™ . Dry and liquid loading. 

• Case Qty: 25 

• Part No. 491109 




• Thomson Flash Column lOg. 70mL E. Merck Silica. 

• High performance universal fit column for Flashmaster™ . Dry and liquid loading. 

• Case Qty: 20 

• Part No. 491119 




• Thomson Flash Column 20g. 70mL E. Merck Silica. 

• High performance universal fit column for Flashmaster™ . Dry and liquid loading. 

• Case Qty: 20 

• Part No. 49 1129 

• Thomson Flash Column 25g ? 150mL E. Merck Silica. 

• High performance universal fit column for Flashmaster™ . Dry and liquid loading. 

• Case Qty: 10 

• Part No. 491139 

• Thomson Flash Column 50g T 150mL E. Merck Silica. 

• High performance universal fit column for Flashmaster™ . Dry and liquid loading. 

• Case Qty: 1 0 

• Part No. 491 149 
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h Chromatography - Silica Syringe Barrel Columns 



mm 



• Thomson Flash Column 70g, 150mL E. Merck Silica. 

• High performance universal fit column for Flashmaster™ . Dry and liquid loading. 

• Case Qty: 10 

• Part No. 491159 



Sample Request 



Qty. 



Related Products 



■ instrumentation 

• Glassware 

• Filter Vjak 

©2010 Thomson Instrument Company • 1121 South Cleveland Street. 
Oceanside, California 92054 • 800-541-4792 • 760-757-8080 • 
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